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2 ( 57 ) Abstract: The invention relates to a method for collecting data from a wind turbine plant, where data are collected regularly, 
where the data having been collected are stored, where correctins are performed on the data stored, but by maintaining the originally 
Q collected data being stored, and where reports are generated for presenting selected data in a plurality of types of reports. Thereby, 
^ it is possible to control a wind turbine plant both in relation to originally collected data and in relation to possible corrections made 
^ to the data. 
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A METHOD AND A COMPUTER SYSTEM FOR HANDLING OPERATIONAL DATA OF WIND 
POWER PLANTS 

The present Invention relates to a method and a computer system for receiving and 
5 handling operational data from a plurality of wind turbines within a confined area forming a 
wind power plant. The measured data are completed and corrected automatically or 
manually according to sets of rules and to specific knowledge of the operational conditions, 
in particularly to conditions relating to disruption of normal operational mode. The present 
invention solves the problems of handling data types according to the different input 
10 means, i.e. measured data, automatically added or corrected data and manually added or 
corrected data, such that various reports on the operational performance may be 
generated reflecting different selections among the types of data. 

BACKGROUND OF THE INVENTION 

Data from wind power plants are received by a central computer system from the plurality 
of wind turbines forming the wind power plant as well as from other parts, such as wind 
anemometers, power output meters etc. with the purpose of surveying the performance 
and operation of the power plant and for producing reports of the performance. The latter 
is important as the contracts between manufactures and owners of the power plant usually 
are based on a set of performance parameters that are evaluated from such reports. The 
wind turbines report their operational parameters, e.g. power production, pitch angle of 
the blades, local measured wind speed and direction, temperatures of the generator, 
power transformer etc., angle of yaw, as well as the operational status, i.e. the 
categorisation of the time period of the data, such as "normal operation", "yawing", 
"turning of nacelle to recoil cables", "no contact with power grid", failures of different types 
etc. In particular, the operational status is Important for non-productive periods, so-called 
downtime because the amount of downtime due to failure of the wind turbines is a 
significant parameter in computing the performance of the wind power plant. The reporting 
from the wind turbines is made regularly, typical every 10 minutes, and these data are 
called raw data. 

The quality and completeness of the raw data is normally not satisfactory for direct 
generation of reports and manipulation of the raw data Is performed by overwriting the 
35 raw data with corrected data to estimate missing data, correct erroneous data, e.g. values 
being out of a reasonable range or categorisation data, In particular downtime due to 
specific causes externally to the power plant. This correction of the raw data is performed 
as a series of automated routines each correcting for different faults according to a specific 
method, supplied with a number of manually generated corrections. Thus, the final data 
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from which the reports are generated may typically comprise a considerable amount of 
data that have been added, altered or corrected one or several times. 

Although a copy of the raw data usually is saved as a separate database file, the history of 
5 corrections is normally lost and the relation between the measured data and the corrected 
data may only be resolved by comparing the final data with the raw data. 

It has been found by the present inventors that It is advantageous to be able to provide a 
more detailed substantiation of the corrections made to the raw data in order to generate 

10 the performance reports so that the credibility of the report can be estimated. 

Furthermore, it has also been found to be advantageous to facilitate the generation of 
different reports in order to evaluate different aspects of the performance and operation of 
the wind power plant, e.g. for optimisation of different aspects of the operational 
parameters, for identifying the importance of various reasons for downtime and for 

15 evaluation of the plant performance according to a set of contractual rules. 

A separate log of the corrections may be kept and a backtracking of each of the final data 
by means of the log may be applied to generate each of the different reports and the 
substantiation of the corrections. However, this procedure Is tedious and requires many 
20 calculations and database lookups, particularly for the large amounts of data originating 
from large wind power plants over long time periods of several months or even years. The 
request for generation of different reports based on different corrections or priority of the 
corrections may necessitate that a separate series of corrections starting from the raw 
data is performed for each of the reports. 

25 

Thus, the objective problem to be solved by the present invention is to provide a method 
and a computer system for collecting raw data from a plurality of units, including a 
plurality of wind turbines, of a wind power plant, correcting the raw data with a plurality of 
routines and generating a plurality of reports, in which said generation of the plurality of 
30 reports based on different combinations of said correcting routines is facilitated. 

This problem is solved by means of the present invention by preserving all the collected, 
raw data as well as all automatically generated and manually generated correction data in 
the same data structure, typically a two-dimensional matrix for each turbine, in which each 
35 column represents a data type, such as, e.g., time, measured production, reported 
operational status, production estimated from wind speed, production estimated from 
neighbouring wind turbines, automatically corrected operational status, manually corrected 
operational status, etc. and each row represents a period of a length, typically 10 minutes, 
occurring at a specified time and date. The data structure may also be, or be regarded as, 
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a three-dimensional structure of which the two dimensions are as described and the third 
dimension represents the plurality of wind turbines so that each wind turbine has one two- 
dimensional data layer for its own data. 

5 This solution requires much larger data storage means that the known solutions, but it is 
thereby achieved that all different kinds of requested reports may easily be generated 
from the data, for which reports the priority of selecting data on which to base the report 
is diverging, e.g. whether to use the production estimated from wind speed or the 
production estimated from neighbouring wind turbines if the operational data for a wind 
10 turbine are missing for a period. Furthermore, It is easy to substantiate the type and 
amount of corrections on which a given report is based. 

BRIEF DESCRIPTION OF THE PRESENT INVENTION 

15 Thus, the present invention that solves the above-stated problem is a method of collecting 
and correcting operational data from a wind power plant by means of a computer device, 
comprising the steps of 

regularly receiving operational data from a plurality of wind turbine of said wind 
power plant, 

20 storing said operational data in a dedicated part of a dimensionaliy ordered data 

structure in data storage means associated with the computer device, 

performing a plurality of predefined correction routines each producing a set of 
correction data, 

storing said sets of correction data in thereto dedicated parts of said data structure 
25 In said data storage means so that all previous stored data are preserved, and 

generating reports of a plurality of types, each type having a predefined set of 
rules for selecting data from said stored data on which selected data the report type is 
based. 

30 By the term "dimensionaliy ordered data structure" is understood e.g. a two-dimensional 
matrix of data, of which the rows represent periods and the columns represent data, or a 
three-dimensional matrix of data, of which the third dimension represents the plurality of 
wind turbines so that each turbine has its dedicated two-dimensional data layer. More 
dimensions, e.g. representing subgroups of wind turbines would also be within the scope of 

35 the present invention. 

It is Important that all stored data are preserved, which means that data when stored may 
not overwrite previously stored data of the data structure. 
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The operational data comprises typically at least the power production and the operational 
status of the wind turbine, but other data such as temperatures of various parts of the 
turbines, yawing angle, wind speed etc. may also form part of the operational data. 

5 It is preferred that at least one of the correction routines produces a set of correction data 
being estimated data for the power production of the wind turbines. 

Furthermore, the method may in a preferred embodiment furthermore comprise means for 
allowing manual correction of the data. Thus, the method may further comprise the steps 
10 of 

activating a user input routine that allows for manual user Input of correction 
instructions, 

receiving user input of correction instructions from a user interface, 
generating at least on set of manual correction data from said correction 
15 Instructions, and 

storing said sets of manual correction data in thereto dedicated parts of said data 
structure in said data storage means so that all previous stored data are preserved. 

It is furthermore advantageous that at least one of said reports comprises credibility data 
20 based on the type and/or amount of corrections of the selected data from which the report 
is generated. 

The present invention relates in a further aspect to a computer system comprising means 
for establishing at least temporarily data transmission connection with a plurality of wind 
25 turbines forming a wind power plant and having means for performing the above method 
as well as a computer programme product that is suitable for being run on a computer 
system comprising means for establishing at least temporarily data transmission 
connection with a plurality of wind turbines forming a wind power plant and enable said 
computer system to perform the method of the present invention. 

30 

DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION 

A preferred embodiment of the present invention is disclosed in the following with 
reference to the accompanying drawings of which Fig. 1 Is an overview of the wind power 
35 plant and the server Infrastructure of the computer system and Fig. 2 Is a flow chart of the 
data processing performed in the computer system. 

The Server Solution according to an embodiment of the present invention is a SCADA 
system used for wind power plants. A wind power plant consists of wind turbines, 
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meteorology stations, substations and a control building. All units In at the power plant are 
loop connected through fibre optical cables that meet up In the control building. In the 
control building a Small Business Server is installed with dedicated software for operation, 
monitoring and collection of historical data from the power plant. 

5 

All communication at the control building between Server and the Clients is performed 
through a LAN, but is also possible to connect to the server from a remote location through 
a dial-in connection (RAS-modem) 

10 The Report Generator toolbox is a software product of the computer system and consists 
of following components: 

o Report generator 

• For everyone who can generate a new report 
o Report archive 

15 -For everyone who can access generated reports 

o Shadow data editor 

■ For on-site operators who is responsible for downtime allocation, 
shadow-data integrity, 
o Profile administrator 
20 ■ For the administrator who is responsible for the configuration of the 

system. This include event-list allocation, calculation and raw data 
validation parameters 

To be able to make report with maximum data integrity an automatic and manual 
25 processing of the raw data is executed. Beside validation of the collected data a number of 
different new values are calculated as well. 

The following steps describes the work flow in using the Report Generator with reference 
to Fig. 2: 

30 

Step 1 

All collected raw data from the turbines and other park units are store in a Windows 
SQL2000 database. 

35 Step 2, 3 & 4 

The shadow data tables consist of data generated based on raw data and contractual 
parameters entered into the configuration table in the Profile Administrator module. The 
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calculated new values are focusing on Expected Production used to estimate the complete 
power plant performance. 

Another very important set op values are the automatic and manual allocation of 
downtime. These values are use for documenting the contractual availability. 

All the raw and processed data are in general used for verifying the performance of the 
power plant and by that the contractual responsibilities. This makes the data processing 
subject to extensive focus and high level of data transparency is required. 

To meet the demand for data transparency, the software uses different ways of keeping an 
overview. The main features are: 

• Colour coding to separate the manipulated data from the raw data. 

• Raw data is always read-only, which means that raw data never is lost and 
always can be presented. 

• The system uses data priority instead of overwriting raw data, 
e.g. The highest priority is always used for the reports: 

o Manual entered data, then auto-generated and finally raw data. 
(Separate data table for each data set) 

• All contractual presented data have associated data integrity reports. 

• When allocating downtime it is possible to add comments to all auto- 
generated and manually edited allocations on a 10-mlnute resolution. 

• The contractual profile can be locked including all performance setting, 
contractual power curves and contractual availability settings. A contractual 
profile cannot be edited without the consent of all contractual parties. 

Step 5 & 6 

When data have been validated and manual edited the reports can be generated, 
presented and stored as a table in the database. 



30 Step 7 & 8 

All generated reports/results are stored the 
access can download and print the reports, 
report if the edited shadow data have been 



Report Achieve where everybody with the right 
It is also possible to regenerate the individual 
change further. 
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CLAIMS 

1. A method of collecting and correcting operational data from a wind power plant by 
means of a computer device, comprising the steps of 

5 regularly receiving operational data from a plurality of wind turbine of said wind 

power plant, 

storing said operational data In a dedicated part of a dimensionally ordered data 
structure In data storage means associated with the computer device, 

performing a plurality of predefined correction routines each producing a set of 
10 correction data, 

storing said sets of correction data in thereto dedicated parts of said data structure 
in said data storage means so that all previous stored data are preserved, and 

generating reports of a plurality of types, each type having a predefined set of 
rules for selecting data from said stored data on which selected data the report type is 
15 based. 

2. A method according to claim 1, wherein the operational data comprises at least the 
power production and the operational status of the wind turbine. 

20 3. A method according to claim 1 or 2, wherein at least one of the correction routines 
produces a set of correction data being estimated data for the power production of the 
wind turbines. 

4. A method according to any of claims 1-3, further comprising the steps of 

25 activating a user input routine that allows for manual user input of correction 

instructions, 

receiving user Input of correction instructions from a user interface, 
generating at least on set of manual correction data from said correction 
Instructions, and 

30 storing said sets of manual correction data in thereto dedicated parts of said data 

structure in said data storage means so that all previous stored data are preserved. 

5. A method according to any of claims 1-4, wherein at least one of said reports comprises 
credibility data based on the type and/or amount of corrections of the selected data from 

35 which the report is generated. 

6. A computer system comprising means for establishing at least temporarily data 
transmission connection with a plurality of wind turbines forming a wind power plant and 
having means for performing the method of any of claims 1-5. 
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7. A computer programme product that is suitable for being run on a computer system 
comprising means for establishing at least temporarily data transmission connection with a 
plurality of wind turbines forming a wind power plant and enable said computer system to 
perform the method of any of claims 1-5. 
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